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(57) [gift] 

[HUB] Al^AfcffdtST^BJfi^HIiBt. Ga 
A 1 Ne9Jf*£?rrS£t#<?5'y?«02&££Efr± 
U frO. A 1 GaNlOA 1IM£^<-T£. 

AlffllSxA«0. 0 2Ja±lJ^Tfc 
^SHAd 2 /im^Ga^, Al, N£±j£frt-f&¥ 

y*A^¥^ffc3& J FC&S.- dj / (160OXx) <d 2 
<3.6 X10" 3 X logN/ (x+0.02) +0.02, £It. 
Ncm-3(i, N Bg >N bffl C9*#£\ N = N Mg -N b8l „ 
N ns gN bsl Nti^aara^Gaj., Al, N£ 



' <5l)lnta.' 

H01S 3/18 
H 0 1 L 33/00 
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—407 


p-GaN 


—406 




— 405 P-Ga a85 Al 0 .i5N 


MQW 


-404 


n-GaN 


--.403 
[—402 

^401 
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N Bg cm-*^V^+^A*«»|$ix*'tt»fc % Alffl 
jfcxtfO. 0 2J^±lOTt^S^d 2 ^mOGa 

,. x ai, N*£f£ftb+z> i mtimti:ffiz.m3ZA 

d 1 / (1600Xx) <d 2 <3.6 X10- 3 X logN/ (x 

+0.02) +0.02 

ZZX\ Ncm- 3 li, 

N„ g >N bgl <om%. N = N Mg -N bgi . 

N„ 8 ^N bgl COm&* Nti^^D^Ga!-, Al x Nfc 

a i GaNmbt,z£^xmz&temf)m&-ix&£ oiz%i 

fflifi¥3SfcJgOA 1 m$rlqfenSA 1 
0. 0 2VXtlW.Tt%:hW&-d 2 jumDGat-, Al 

x N&&mb-rz*mftmb£ffix.* uieAia^ 
x, fiie^N 3i . ffitaifi£N bs2 , j?^d t &t/jw 
d z b<nmzvjj : <nmi%i:ttzm{£tf i J i >i*3k¥mtb 

di / (1600xx) <d 2 <3.2 X10" 3 logN' / (x 

+0.02) +0.02 

ZZX\ N' ( cm" 3 ) Ji. 

N ai >N bg2 <7>tg,$* N' =N si ~N bg2 > 

N a i^N bg2 <7>m-k. N' ttM^HTOGa^ Al, N 



JgN Ng cm-3^^^A«jD$KSi:<>ec. Al 
SSfftx^O. 0 21iLhlWT^5r-g.^d 3 ^mcOGa 
,. x Al, N£±/&#£iT£p§/?^y K/I££{f;i. 

frieAiiS^x. iinaiejeN Hg . iria#fg&/i^v^* 

^^A^N bgl cm"M*d, &tf/?*d 3 fc<0f|J 

d! /(1600Xx) <d 3 <3.6 X10 3 X logN/ ( x 
+0.02) +0.02 

NcnrMi* 
N ng >N bgl <nmi. N = N Bg -N bgl . 
N ng ^N bgl mmW$QCOGa. l - z Al x Nfc 

istfh^y^i'^&w^vfyj^^^^vx'foh. 
imm6 3 K*ikammizmtfi2iitim&mb . 

m&&&miz&gLfr-?mzpm? 5 k« fc-enriBfi? 
m^m^mz. 1 o's cm - 3 ^»WMg' 

milWE^zmLXfSL^^tz^v 7 rMb . 
msmLktzJi\Z?*z'*/H&&2tt&*< b i> 1 Jl 

t> i mcDm&m&iXTnm&i&G aNit». sots 

^<til if M±<D A 1 G a N^i7)Jf J?<^&fQ#1ufe 
[000 13 

[^J^m-r&SW^3 GaN, A 1 Ga 

^j>.^mim^Rx/mit^u^^m^m^mMmi,z 

[00023 

fm&&*m<-t&zbvm&2tix\*z. im&co* 

Bftl'-V t bLXl nGaA 1 PmJ:6600nm 
[000 3] $^^:l,iaii^ffiI±$rBf&LTWfe^ 
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[0004]-^. GaN^^Stti'-iffcL 3 50 

[0006] — *\ T^cOTt^Wi. vStt 

*4>Jfc*>fcU;? 7 7HltUAlGaN £*&b&tt*l 

iBffl-r&ife^^ii^-r^^wiA i mm* 2 5%m: 

[0 00 71 LfrL%tft>. ilAlMOA 1 GaNJg 
[0 0 083 A 1 GaNlh, FMf|.GaNi|i,L< 
fcJfirofcfcSfc:*!. A 1 GaNii7)iI^«^ 

o %m-mmri&t%z>¥mftmwi / z? 5 •>/ 

[0 0 0 9] A 1 NfcGaNfcT'W: 2 

o/cA 1 *a&tf>A 1 GaNtGaNi:»V^t0. 
5%mS§L<r>WFmE$-h. Z.Z\X\ +MV^GaNH 
tCA 1 J|Lta«*3-&fc»£. Ttfii: LTf)fg 

^)t&«GaNcO-£#U;:£ie£*U>. tJt^T, Al 
GaNJICtt3lo§g9M*#3A3:fvCL*V>. ISg-^S 

AlGaNi^)0. 2-0. 5/imtl^^J|$li±k 



[00 10] IfCII^Ii^ 

\s—*fx\±is- vfmumimnx-*>*) . tzttzzmL 
xt, m : f-^>imm±^L<mK &tz. 

[00 11] _fclfi*£Ji;. ^£^HII-V&fcl^¥ 

tzm^-r. i&coztfcm?. m^T'U*^ w—tw 

[0012] g-ffctfy ^AJ^nV K3f* -/ 7**«3 . 4 e 

vt^<. t-tzmrmzmx-bz. l^ot. ±ie 

m^m^^o mm t jsp5E t v * . 
[00133 Mfb#u *7J>&mmtfncrmfct lxi±, 
m-ittfv ^j*mt¥AcD&^fz!frcom^i§j&i l z&^x 

§t^»^^ t *«&lt*tflJftJt& (MOCV 

&f&mzt Lxfe<m^t>tix^&. 

[00 14] LfrL. vyr 4 TtmittfVV J* tntsi 

izi±m-^m£tfi6%m&.i>h&fc#>. t7r-frs 

V^. &tz. Z\?)J:?%mm*<V&(mi$ltfl 0i°cm-» 

[0015] 01ii.tr. ^r>fr^o±cz:^$n^ 

Sffctf 'J ^ A^^-f sj— N'T'^^^5 2 0 nm 
^t^ii^«t-5=5r^ttSr^t.. ffl^ii, m^2 0 
mA60^T\ n&3L=¥-W)mW6-%. W}tt^5A<5VX' 

tfz, m&te. OmA(D0kft-X\ 
1 0 0 0«MW^2 5%X'hh. Ltzff-y 
X. $^««3fa6*<0Jt#, Kf^KcT)®^. 

. [ooi63 ^ijm*. m&m?. mmmm^m 
^cvm^m^-comtt&X'h hy^v-j^ <mmz& 
\ ^x a^mzrw?h *) . mRuzii.nm^\ 

[0017] mjb^^W**^ fc*J»t*IW€- t>fc 
^-T^^iEBU, G ai _ x a 

[00 18] Gaj-, Al, NJlOx£«<!>-$\r&T? 
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?4 *X-&m=&Ttiitf s & L<M<%ZZ ttfZakiz 

X'%%<%&m<r>mmi>mhtix^& . 
[0 0 19] Z.<7)& o fcf£*©S*b(r U 
TT'Jii^A 1 |§Ji!l05A lGaNl^57 b'Ji&i: t L 

ai x nmw ? >v7&m<'ztb, m^(om^M:< 

ZttfX%%fr-ofZo Z.<Ofzfr. fflU.tfl/— FfciSlfVC 
[0020] 

[^*«jB^LJ:di:-r&WH] JiiBLJtidfc:. Ga 
N. AlGaN N I nGaN^MS£^O^fc£(iif 
ifcSfttfU ^ASR^flSR^fcrfcUTti. A 1 

[00.2 1] C^id^ff^JgLT&S 
*i*:t>tf>*C., Al#Afc#5tS^^S£llIi8U-G 
'a,., Al, NWJ?*£^&£fc&<?^.y?^ife£ 
£B&jLU A 1 GaNi^AlM^iK U 0fl 

i.ifvStt^^03fcK tii^^r^ U TPS 

[0022] 

[uys^wyi-r&^^s] itaL^^c t?r 

G 3l , Al, NfCli, teT^T^^fcibES-ftlgi/fC** 
ffiU AlM^fK^CU^oT, RgW<9J¥£ 
A>1¥<&&« ClWi^^Alfflfilt^iafc-fSfc, * 

[0023] L**U mm^m^Vft^ Ga M A 

kick £ t , x a*** l ^15 if ? y y 9 L*-t V ^Ifa 
i<7)<7). v^^ASanJb&f^tiif? 9 ■/ ? 

**** 

[0 0 24 3 otO. MgiK-rUA 1 GaNJf 
te. TVK-T&SUiS i F-7V)nMA lGaNi 

S&Hte&l^Kfi^U ^3feJ:0 2 0%A»io5 0%a 
Tiil X 1 0 l9 cm- 3 H2X 1 0 ? °cm-3i7)iEfflT'- 



3roTvvSro#\ Mg £^?ftgK— r LfciSfcG a N v 
A 1 G a N d^ffi* 7 * o s/-a*2Sffr*-& ■! fc 
"^"Sfcx Mg F-re^'^HW^^- K 
i.W£*><7>£:f;L *&tt£k%8££klz&\,^x 

$J^3fc*Mg{ili2n&j N 2&7Cj£M£x>-My;2. 
[002 5] — £\ fWt^ti. If^T^f-V^t'cT)^ 
U A 1 GaNM^JiJ^^fc^xtr^i^/WiJ? 

A I GaN|^))|§Jilttllt A 1 mXliZftotfc?- 
[0026] *fS<5D#^TOJJHf£j|t;:2£^< ^Tfc 

[0027] *-r, ii^Jinc^«%Bm. 

J^N„ g cm-3 0-7^>"7A^lin$^-g.i:i>e^ A 1 
fflfiicxA<0. 0 2EU:U:iTfc*&J£*d 2 wra^Ga 
i-, Al, NSr±^fc^^^^t^{ii.. Allfl 

[0 0 28] dj / (1600Xx) <d 2 <3.6 X10" 3 X 
logN/ (x+0.02) +0.02 

--"C. Ncm-3|i, N Mg >N bjfl C0i§^-. N = N„ S - 
N b8 i . N ns ^N bjr i Nii^jDCOGaj., A 

[ o o 2 9 3 z\<nx ? tekfr&mfctmibtfv *>a^ 
mim^z&^xa. Ga lM ai, N®tjj:i/-e^jg 

^JflCiSUTs G ai _ x A I, N^^.^?fi-^^t 

z^m-ft^v^^^m^m^izx *)mt¥4x- k& 

[00303 mz, tt**2fc»J&«»3l!U:, 
Jt^Sfc. *Stt^lC5SgfUTIS»t4>nJtnMA 1 Ga 
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G a N Mb tz£ -> Xfe&Mtfmt *i& J: o lcIEM£*U 
[003 1] £<flJ:3&fi$j££i£«tfc«Ifc£J:9. ft* 

^2ccm^£# B J!^iHb#y vjt&y-mttm^irz&w 

*f&. ^frfl<7)/iJ¥£nSA 1 GaN«c7)MJ?J;0t 

COO 3 2] gfc, IS^3tz^JE-ri>^{i, fljJSI 
fcSittJgi:, iSft/gfc#8^Ti&f*<o*lfcn3!A 1 Ga 

GaNiittzj:o-c«fgyi^in«>«fc3^iEg$*i. 

¥@#Jf A 1 *M£ nIA 1 G a Nl^JA 1 ffi 
[0 0 3 3] ^^^^^^It/c^tCiO. If* 

■Sflfc.-^iStirtl^A l S^nlA 1 GaNl^A'lfi. 

[00 34] »^4£*tl&«fSBJ!ti:, 
k. £«t::5S$LTi8ft£*u gfMN bg2 cm^ 

cm- 3 60^*^Jn$il-g)tttC. AlJMx^O. 0 
2mL\VXYtt{:hm^d 2 um<DGsL i . t Al, N£ 

*>wfi&£3r«gfby y A^^^^Tft & . 

[0 0 3 5] di / (1600Xx) <d 2 <3.2 X10" 3 1 
ogN' / (x+0.02) +0.02 

<r<rT\ N' (cm-')li N si >N bg2 SDJ§^\ N' 
= N ai -N bs2 , N si ^N bgZ <tt&£ % N' «i*$S§Jii<o 
Ga,_, A I, N«i7)A'7;/7')yKl/W|. 
&. 

[0 0 3 6] z<nio*fkfr*m^&fc#vvj*Jk* 
mim^z&^xiz. Ga,., ai, Nstji^-e^ 

^JfK&WC. Ga,., Al, N<OJi^£JS-r&,rfc 



[0037] zuzttz. mjRmstzftfc-r&mm. 
tztmmt. ^m^mtx-mM^ti&.mizm.n^ 

AlS£x#<0. 0 2tLhlOTk^Ji:Ad3 >u 
m^Ga,., Al, N^±^tl,p^7 7 Klfc 

Tcom&Zll-f&tthlZ. «Unl?7 7b'l 

fcUTffl^*SMt#y VA&mm&F-x'tot. 

[0 0 38] di / (1600Xx) <d 3 <3.6 Xl0- 3 x 
logN/ ( x+0.02) +0.02 

Ncm-3|i, N n5 >N bal C0*g£, N = N Hg — 
N birl . N„^N bil NiiM^jn^Ga,., A 

xhh. 

[003 9] znzvKcm&zmitzztiz**). m% 
jg 5 k** jts-t & Rwoafl^r y v * 

[0040]-^. ff^6tCtflS-r&&TO:. 3t^K 

I, #><r> n M^Jfi^flfi . 1 0 1 9 c m - 3 ^Xtco^m 
ii^M g *^n^fl7t n - A 1 GaN;57KI^ 

[004 i ] z<7>£o*mtf&nvtzzbiz±>) > it* 

^ 7 -/> WfHS&m * n M^^twii v t> f§ ^ni. J: -3 
CUJt. Lfc*«oT. n-AlGaN^7 7h*l^^ 

m#f&mmzm&i't&z\bi)<x'* & . 
[0042] mz. n#m7tzMm-tzmiii.. mm 

b. W6Uz1Sll>Xl8L-§k%ittzrt>y V rMb , S-^Lh^x 
e^^£/irA4£J|$^^< k & 1 JBUU:*)A 1 Ga 

< k t> 1 mwmftW¥.lXrw$L&£hGeLNMbZffiz.. 
4?Ke<bl>l /iliLh^A 1 G a Nl^H^gft^ 

iter ^ $ -if-^x e ^ df- ^ ;u^^-^H-^i?^^ 

[0043] i<Oj:^«r«|jS&S»tfeii:teJ:0, I** 
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Tii. i-r, a i g a. Nmnmmco&mtfJLt: 
[00 44] ztLtz&y* *.v?*i'*!vm*3im~fh 

*&^5£&£A 1 G a NJgcDk btfX'% . 

[0 04 5] «t^t*C»Jt^ii^-/7rJS 

*)\,7**mb%->X^hZ\bfiK «J:9M£Lv\ 
[004 6] <WC, ^^GaN^CCioT, jfegdWS: 
fe^5£S#A 1 GaNJf<Z>k<3T-&&^e0te7^Ks 
#l»JK3*l£. i^fc^^GaN^^i^^&^lC 
J:£ff^M*#£tT^&#. GaNi«B B B t'J) 

[0 04 7 3 ZhlZ. £<*>#f&BiGaNJiUL m$.hL 
S14i>efc#U S»=fl:AlGaNJiO^SrTirfi|^^L 
[00 4 83 U^'ot, if A lM^OA l GaNM£ 

tar*, m?&m<-t-M~&<. «jt*at>w#«:ft 

[004 93 3r£L ±&LfcgSSg£j£fc-r6¥Kfc LT 

[00503 ( i ) Mie«eiB^^B?ifi4^*®&^ 

HtlfanMAlGaN^a^tim^^ yH^^^L, ffi 

^w^-*3Kxr«< b'Jifcfix.. iria«M F®*>^&tf 

*flj££U^-r& ZbT'ffi?? -y b'Jl^J? $ ct)5Sv He J: 9 

[00513 (2)mffim£mtsmm*m&m%.v 

mZnmA I GaNJfte**!-?*.?^/ b*M£3:U ffi 

[0052] < 3 ) m&t&nn&m&ziv&mm 
b, pmfjvvmtLxm^ti&fimmtomkv 

£ tZ*h<r> n m*m%<7)Mz . 1 0 1 9 c m - 3 &±<&Fti2fa 



[0053] ( 4 ) mnmt^izxm&zitrzffli&m 

^f&f £A 1 GaNJi«>ra/¥e^3^3&^jffif^xt!■ 

^^'>^fum^mm<^^ui±t: &#>&m&m i less 

[0 0 54 3 ( 5 ) mie^C^LTxf^^^^;^ 

TT*>^±ia ( 4 ) teiB^^btf u^a^^ss?-. 
[00553 ( 6 ) m&tt^te\s-?fm*ifflzmj& 

3*lT*5*K HlTienM^7-y F/ftCiil 0 19 cm-HXh 

[00563 {7)mmm±izx&L£:ZttMBZ¥m 
gftE£*rr&£A i GaN^a^mn^iaxtr 

[00573 ( 8 ) m^mtztzmLx&fkZttXvy 
[00583 ( 9 ) mievst^m— ^s^^m 

[0059] do) mm&miiis--Fmmmizm 

m? 7 vvmoAi t>m< L^iw^^6ia^^ 

[0060] ( 1 1 > mm>&mb&77v Ymb<m 
co&zKbit-ijiz. mizte&mbmz?7>y mbo 

mtm Ym<nw^ikv i m&mm-hz.bxn?7v 

4±ie { 9 ) fe^^a^'J^Am^fr^K^s. 

[006 1 3 (l2)Mlt:tMWcxt:^y. 

^frmz^&mmz&wt^^frm^z&^x: 

'J?KC<bl> imVXk<7)A 1 GaNi^L, Z\<F>A 1 G 

a nm^m^^^msx t- ^ ^ ^n^m<o^mmeo 
[0062] (i3) MimnbmLxmtt>iztzJ*v 

7rMb. rnsdMUb MMA 1 G a NJHUT'^A l G 
aNlCgU, ^>L<ii. fltaA 1 GaN^4»^|gJt 

htitz&% <b%>\ m^m-m^T^^G a 

btt-ThlM (12) iaa*5£***tffc^fc¥3M* 
[006 3] ( 14) Maxe^^>--r/^*^t» 

^>^^^±tc^tii,n-cv^±ia (12) laa^o^ 
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[00 64] (i5)mmmt-v-7T4 j r"c&t±M 
(14) ^<7>mm&i*t*fc&wmti:&=f-. 

[0 0 6 53 ( 1 6) frieA 1 GaNJgiOA Itf^^l 
0%ULb?t>h±R ( 1 2 ) - ( 1 5 ) <7)0*>fttlfriZ 

[0 0 6 63 

[0067]f7r>( Tmi±.£.m.<\:*f 'J VJ»&<Q®t: 
tf-LTfifcHSft&Ga,., Al, NJete. f&^FM-S-cT) 

&&uEBIW)J?*. o£D®#JK@jWar$-&. Ga 

ai, NoxtthhA imtiw&<*&tzLti& 
•ox. mzmmz ijm<Kd>. ztum^A i 

[oo68] flw»t, zcomft\±*mi%m<om&'Ci> 

mtZtlX&K). Ga,., Al, Nil^igm^55<-f* 
t 7 7 <y ? OHifcli^" LT < & i b T V 

[0 0 6 9] J3»fi££*feU^ Ga^, A 1 x NJf 

Xfrh b , x#*& v^Jfc' ? 5 -x ?jm£t-^-r^Mfa 

[0 0 7 0] O^O. Mg^H-TUA IGaNi 
ti. T^P-TftiV^iS i K-T^nlA 1 GaNJ: 

»^«ft^U ft3fe«fc*)2 0%j&»fc5 0%*l 

Tiil Xl0 18 cm-3K2X 1 0 20 c m-3tf)KHT\r 

Z.X^hi><7)b%Lbtih 0 1&tt£kJ&&fklz&^X 

[ o o 7 1 ] m 1 1» MaMmmi^AiMKjg 
v >e mi^&fmf&^mnmmfmx'*> h . 

[ 0 0 7 2 ] 0 1 Cfcwt . .r^fa&SSvffil&glSS 
fcfcwcti, 53SS<0l£JI£S3 0 1<0#X^AP3 0 
2*^JK$5Mfx&&&U #x3MSP3 0 3J:9;5r.X£ 



3 0 4l»AlttlltiS3&X3 0 5 £ J: o Tfin^§ 
*U if-feT^ 3 0 4<0iagkL W»Ut3 0 6 tcj: 

S«3 0 7ti"tf-fe:7 , *3 0 4<0± 

[0 0 73] Z<D£o%ffiffc<r)%te&LMmW:$:m^. G 
a,., Al, NJf^g£h®l^i;£;g*'3SgU 

£»L*.% i^*SrEI2ia^gI3{c^r. 
[0 0 74] 02ii s v^*^A£^BQLfc*§£-£;i3 
»t«, Ga,., Al, Nmcom&RXffimb * ?^v'7 . 

^SLb<nw^k7F^mxhh . 

[ 0 0 7 5 ] 0312, 3SfrmLfc«£<=43ft* . G 

a,_, ai, nmn&mcifm&b , ^7 7;»w 

[00 7 6] S-UKcfewt. iU#7?y?^2&£L,3r 

AgsflHfi?)^WfiI£ LX& 0 . 
*>Aigj£(i5X 1 0 18 -1 X 1 0 ZC (cm-3 ) cOicffirt 

tea*. m3fcttm&im*<nmmw$aM.<ou 
x i o 1 9 ( c m-3 ) commftizb %> . 

[0077] 7/*5/>7Atl< <i^£^j&irt*Ui; 
^*S^A&L<li^£^DL&i*^J:»5t>. ? 
77^^:t:^/<«'^Ga 1 . I Al, N/1 

0 3 J: 9 #gHfc:J3r£*5l3Iffij&<i& * Z b * s ;b*»& . 
[0078] £tz. 02. 03T'*i#fC^L55:V^ 

-??*i/*?i±fo& w±m m<r>mhmtf^ ir? ^ «y ? 

WM3feJWi*&<, Ga,., Al, NJBOT*^)*^!* 
•I^T'V^dTtTOMtV^cofi. Ga!-, Al, N^lc 

\£mmLx^&M£.mt>i t * Ga,., ai x nji^l 

Al, NJiA^tt'otlS 
[0079] ^<7>id^^7«y^m'I^2, flUOIII- 

[0 0 80] iLfc. **HB^J2. Ttfe^cOTn^^&u^ 
Ga,., Al, Nmnry-yfft&.izmmifi&ZZ.bZ 

[0081]^, ^(CGa,., Al, Nl$:In 
,., Ga, NfO^x^D^i^offlfti 
^^^■r^^lCfi. Ga,., Al, N£0Aligj£x 
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[0 082] ztit>conm&$k$:m-&L, 7?*v7mL 
mmz&mitLx $.tz. Ga 

i-x a i i Nfll^^fcv^Ttt, f^^ftCj:^ 

i o o 8 3 3 -9-7 r >r T&m<o±.i l z&&mm£-fr lx& 
m<D&*tfm&&zbwn.&tz%ixx^&. *zx\ 

S-eftJBCGa,-, Al, NJgOxiJ itfJKJ? (J&HB* 
(0 0 84] mHfiL&t£* Ga,., Al x NJg#aS!T' 

& mm <r>®mx t, fs<Q&&tfm#> i ^Kaw-'^r 
ft. 

[0085] xj^'psjUGa,., Al, NJftf)i§^ Ga 

Al, N/i^^fc^tc^SM^^m^^tcJ; 

di /l 600<xd 2 (0. 
0*0. Ga,., Al, NJl<?)J5[*A<*$SKl2U:T'(fe " 

®6tc^§tL^J: oK#Sj£xt*jvvc ( 1 ) ^zjjkt 

[0 0 9 0] ^ARffi3$tt. Tife<OGaN&&V>liGa 
,., Al, N^»^^mSV^i^flDfi{Cl±^ 
Zgtf-flzm'OlLiX^&ZhljK &&<ki>'*7&z/ 

[oo9i3^. ^-/^a^a^satcov*" 

[00 9 23 Sfcs V^^^A^SV^i^^Jrr 

^XhhijK TJa^GaN+^fett^Gaj., Al, N 

A^ufc^ ^c0%m£WiTL£?-fc£^£.±^ft. 
t^T^GaN+hGa,., A I, N+fcteEW 
VfttmiftfttZb. *<r)mtfilW9*7v9Wi±)iZ 
%}XvX\\Z>Z\\oz\bX'hZ>. U-oX. Ga,., Al, 



-t. z\<7>x.o%Ktfif.&?z>b. mtttmvmymff- 
zzxurttzmzLfz*). bzuittzm^xmrnffli 
K&m?<v$ite$#>zwmbLxm<. l 

\tb->Xli.&$>&^i>(OX'$>&bPmLt:. 
[0086] ±%3mco&&. x#*£ ^ ( A I m&h* 

m^) ^iz\±. miizimLxiMZrivtf&ktfmgtz 
mmtf±tfzzbw*>fr-yti. z<DmM&Mzm4. m 

5, @6tC*r$-. 

[0 0 87] 04J2. GaAlNl«MAlM 

kGaNmcomztcomm^i-mx-fo*). 0511 g 

a A 1 NJMwmZRT/ A lMfcGa Nflf^J?$ ^ 
ffi£*cfflT-&£. £ft N 06<i N G a A 1 NI^)J|$ 
&t*A 1 Mf&b G a NJg<0J?$ £ <7)ffl&£7jk-?mX'$> 

[00883 04— 060>HII|g|l£'<>l:fc::7<f -;f-f 

u-rs. -t&fc^ G ai _, ai, Njitfajre^jfia* 

nffi&Vbf&M.bti&'&mi* Ti^GaNKOl 
#£d, {^m> , Ga,., Al, N^J?»^d 
2 (/im) fcLftiitK. OT<^M** J <fc 
r>ft. 

[00893 

02^x^1) -<1) 
N (frtC J*&mQ £ ftT £ 9. T*fi*)G aNC 

&mco*wmnztix^&i$r&izte* m--??*-/^ 

[00933 TftoG a N 4»^^V^ttflgig 

mi. mmizx^ttn'mtiMzx&r^vfmLcom 

#Sm&. »^Ga,., Al, NWH^k^i 

[00943 mii^*S^A£m&nLTffr£LftIS 
mrfcttS, Ga,., Al, N/g*>|gj^ifl8i^; % ? 
9 -y ^ ^ b vfflte * Srf . 

[00953 NUIii. S^cOV^^v^A^ng^)^ 

m<&&&m&m&mnLxm*Ltii>a>x'$>&. ^ 

»y ^A^Wi^tCi 0K*^*Lft*&€r^ 
[00963 raaJMJ: -y ^0%^ L^rV^f^ 
S-St^^-TS. Ga,., Al, WZ*r**sVJ*tfmil 
ZtlX\^®£lZ\£. WT^t^7 7^^«^ 

^^Ga,., ai, Nmmd 2 tfmhztizzbtfmm 
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mvpmaff-?f ir *s<'VJ*<7>m&* Ga H A x , 

d 2 <3.6 X10- 3 X logN/ (x 
T'&&« iiTC. N (cm-3) ii H N ng >N bgl com 
£\ N = N Bg -N bgl . N Bg gN bgl com&. Nli*S8$ 
AtOGail, Al, N(0. 0 2Sx^l)(07^y 

±IB ( 2 ) ^jfc^^ifcrtniigSfl/O**. 
tti. Ga H Al, N4»^V^*i^A$gj£N Bg <0* 

(d 2 =3.6 X10" 3 X logN/ (xX0.02) +0.02) i: 

mm: ? 4 ><r)tt.mm2 +r±rc-ra§ £ 1 £ & 
[00 9 7] S8ii. ^^^intr^t^ 

d 2 <3.2 xlO" 3 X!og N' / ( 
ZZX\ N' (cm-3) & v N si >N bg2 com 
£\ N ' = N 8i -N bg2 . N ai £N bg2 CDWrS. N' ££ 
SaraeOGa!-, A 1, N (0. 0 2^x^1) SO^Stf) 

EI3£fctt&*^i£Jg?>J&£T'*>±iE ( 3) 

Al, N4»^R»i«N.i^*§Kj6tTH+fc^ 
-vr* y^7-f > (d 2 =3.2 Xl0" 3 xlog 

N- / (x+0.02) +o.o2) tmmcy 4 ><n®mtm 
tug* 7 4V7-4 >??4 >\±~rmz&wyt&. 

[0 100] ZCOXolZ, ?7>y?0)&£&1gZ&GsL 
d A / (1600Xx) <d 2 <3.6 

ZZV. N (cm-3){i:, N Hg >N bgl <7)J§^\ N = N 
« g -N bgl % N Bg ^N bgl C0®&. NJi^jn^Ga 
,-, A 1 x N (0. 0 2^x^1 ) W/^y^AW^ 
•y 9 7 7 *7 > H V *JVT$> h . 
[0103] — a\ mW&W^^i^tcii ( l ) 

d 1 / (1600xx) <d 2 <3.2 

ZZX\ N' (cm"3)ii, N ai >N bg2 <7)i§-g\ N' 
= N 3i -N bg2 . N ai ^N bg2 tftf§£. N' W^iUCO 
Gai., Al lf N (0. 0 2=x= 1 ) <7)i£5gcO A «, ? 

ff^iS^L^Ii. ^^^•y^^H^tc^L'SrVU 

[0106] J: -3 «c*»^5jftw«!IRK:ff * W 
ttS7tCj:*l.tf. Ga lM Al, N$r±^k«®^ 



<0-?y*>"yj±m%.N Hs (cm-3) jft^GaN* 
<A"e*''*S"*AS|j£N bg , (cm-3) tcom^X\ 
X0.02) +0.02 - ( 2) 

miZteftZ, G ai ., Al, NJf ?>3Sjft&tfI8!J^: % ? 
7 >y £ ^G&£^-fiar& S . 

[oo9 8] mmiz, m*<nm&mm<?)tm$:'ktsffl 

3l,Z^-tmm£$kfrt>. fi^ie^3xi0i3 (cm-3) 

mumizx ow>t>tit2®&*7j?t. 

[0099] mm<V&&£ ^77 9 LSrVv&fr 

i^Cli, Ga,., Al, N^IfS^N.i (c 
m-3) t. TffecOGaN^Ei^^gN bg2 (cm-3) 

tcommx\ 

x+0.02) +0.02 ••• ( 3 ) 

Al, NmcomZt. Ga^Al, NJI&t>'Tlfe 

iz£&&m<nmmx'i»K<7)ttm&bhtuT. 

»y ?<0&£Oj&r ^>^rv^by U 
^tS^Ga,., A I, NJ&J|Ed 2 nffiMte. 
*i/»>AaSia«0«^ ( 1 ) 5*&tf ( 2 ) 5^ J; 0, Ga 

ai, N^co^y^^Msmmn ne (cm-3) ^ T 

tScoGaNcf^^^v^A^Nbg! (cm-3)£<7) 

[0 102] 

X10-3X logN/ <x+0.02) +0.02 

... < 4 ) 

WOliti'). Ga lM A 1, N^Og^MN 
3i {cm-') Ti^GaN*«MN blJ (c 

m-3) t<ommx\ &T<o&<7>mmizhtii£&^'mti s *> 

[0104] 

X10-3X logN' / (x+0.02) +0.02 

(5) 

^A^JpcOGa!-, Al, N(0. 02^xgl)J|O 
i?^d 2 (um) mj&xbffi}}[lZtLti~?y*Ss*?J* 

^•t-r-6mteftJi<0V^^^A«lSN blll (cm-3) 

[oio7]^, *m&mfc<mm£&h*mtom 

tt*tUtf* Ga,., Al, N^^^fTS^^^t/ 
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m-3> fcc^f&tf (5) 5££i8fcLTV"»*ur,; A<0^fiE. 

[0 1 083 i<50J:d(-2|s^^llSfe^<S^S4^ 
ffcfjmcfcftli'. Ga,_ x Al, NJf:fc l fctf3g0frOJi£ 

iswc. Ga lM ai, nm^w^w<Lx. m^m 
x\±gftj7)m L tfv&nm^it^xfflBmiiz&m £ 

W^f^^S- £ Z b iffltefcft £ . 

[0109] < m i <r)mk<nmm ) *mt&<nmmrei& . 
±ia&ffi**i*: ( 4 ) ss&t/xtt ( 5 > ttmizt&fr 

mzm^ximztitz. 

[oiio] H9, 01 oRvmi *m&mi 
(Tmm^&mnftftyj WT.mmmmx'$> & . 
[oiiiiHi cofmtfLJk&wizts^x . xxmxu 

3 o 2frkM&&mL%ii s t>mmmu%Mm3o 5ic 

m&ZmttkL. -^-tr^3 0 4O±izgV^S^3 0 
7. -r^*,|3|9tC*5ftSlf7r-fr«S4 0 1 £UH» 
L. ,TO3 0 6£0»'l 2 OO-C^&ctd^l^ 
Lfc. &^#3 0 6tf)^MHc*&gfc8rr£. 

iOiSJgTl 0#&#LT*>£>&Jg£6 OOT^T'T 
If, £fclfzbz\*>ThV**Jl'tfV*7J* (WTTMG 
iih'J^W/^-W (JjlTTMAtBS 
-f&) £J:tfr>^~T#;*^{£&£fi?J&U Ga 0 . 9 
Alo.i NA'.y7r-l4 0 2<0^M3 0nmffr> 
fc. TMGfcTMA^^MU, ^JgSr 1 

2 0 0icfc:?f±#§tffc. 

[0 112] &Wt\ X.mxffiRLizi'jytfXbTM 
G<Z>mi£*mteL* ^»niGaNf403S:4 
AimfiEI?^. TMG, S^^ffttefctfjt 

MUS^U tai^EfflSLfcTMGi:TMI05 

4 >-£ffiV>T#F/l I n 0 . 15 Ga 0 . 85 N&t/!^i I n 
0 . 05 Ga 0 , 95 NW2O^7*^#IIl 1 #F (MQ 
W) #itvSttM4 0 4£ffr£Lfc. TM I<0«&£f?ib 
L-ca>£iS££ 1 200*C(cRU SfcLfeWCfcrxS" 
^n^y^xi-^-e^i^A (WTCp 2 MgfcBS 
-T&) fcTMA£i!ia&&LT^*S'^AS§totf>pM 



Ga 0 . 85 A l 0 . 15 N^4 0 5$rO. 3.umjfc£3-£fc. 
[0 113l«wc\ TMA0>mte*&±LX*<7)£t 
7^y^^»plGaNI4 06$- 1 jumj£H£ 
•fcfc. C P2 Mgco^^jhTS^[5]B#^7K 

i«U:y7^XMUn«aNl40 

[0 114] f^t, TMGi:y7^«^M 

u o 5^comn£&±Ltz. i&m { 

S5 0Xl&XH r tf^tztClZX'Ty : £-T<om&t:&± 
Liz. 

[0 115] MW^3 0 l^EOffiL.^x-;^ 

ofc. S9^MX'^M^»^T'^ffi^ 
*mmL1zi)K ¥iBX'*>*). ft, 

[0116] £Lh*>J: 9 fcLTfi&hJWx-vv^ffi 

pIGaNf4 0 6iT*g->rt:. 
[0 117] Sfffi^»^M^{zi:o-C5f!Xt 
^S:»'bnlGaNl4 0 3 2 WBESISrgfcLT 
Xyfy/^^l. Si0 2 BtfcVX^iCfflVtf: 

*>X-/\<7)— £fl£J£SMl<7) n§/<7)G a Nf 4 0 3 £X 

m^tz. 

[0118]<JC(C. mi HZTF-rXoiC. nf^Tifc 
A 1 0^£7)li4 0 St5£Xfvm<7&§&bAu0>&& 

[0 1 1 9] J^O*3fcLTfmLfc»5fc*W:t-F 
fi, Tffi^GaN/14 0 3<i4,umc^;*#&£ 0 Ga 

Al, NJi4 0 5ti^*^A«rc\ xlSti 
0. 15, KJ^tiO. SjumT'^-S. £tz. 2Vtf*y 

(4) 5tefct*.&N n8 tel . 2XlO l8 cm-3-CI)5. 
N bg i I^7^77>K^K1. 0X10 l6 cm 
- 3 ) «r*?t>. ffllfMT'I'bni. 

ft<7)%i&km*. 4/ (1 600X0. 15) =0. 0 

[0120] (4)&frt>?7v?<m&&mi. n ks 

>N bs i T-ftiOT, Nii. 1. 2X10»-1. OX 
10 l6 =^l. 2X10 19 T'£>9, 3. 6xi0- 3 x 
[log(l. 2X10 19 ) ]/(0. 15 + 0. 0 
2) +0. 02=0. 42b%>). d 2 £7>{10. 3^<I 

Ofc^ZbfimUX'Zfz. 
[012 1]^^, ZVXofcffitfffitrmfcLtibcz 
»3tife*oe-^li4 20nmt*l 3. 6Vk 
V^fi^1gE-C2 0mA^aE£gE-r 1 Ii:*<T$3t. ^ 
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&%%}m±ftt$&?®mxi 3. 4%tn&iz^ 
-vcomftimz'tt^Ktzz. i o o omsma&co 

T^^l%UXTX$>*). j&tfMUMifrktLXU&Z 

[0122] 3 &*&W0)£te(njmtzi&&*m 
ftmtm^Z £ti\£ % ( 4 ) ^^f*#j££-r-& J: "3 K 

a. 

[0123] ( 3? 2 *)Hig?)MS ) ^SISgom^T'fi. 
±fdl.a}$^ ( 4 ) 5&&£/X(i ( 5 ) 5S£Stfc-$-£# 

[0 1 24] fUl 2, 01 3. 014&T/I31 5te, * 

[ 0 1 2 5 ] [H 1 <J0^fflJ&HgSfc:i5V*T , xr^SEAa 
3 0 2*^7|<i^^L^*^Um^l3 0 5\z 
5W£03*&U -9--feT^3 0 4£0±(c:Mv^S^, 

;b*>El HZtSfth*)r7T4Tmsi.5 0 1 £MfcU & 
»&* 12 0 O'CC&S i: o lz%m Lti . iOttKTC 1 0 
^^LT*^^^6 0 0-C^T"Tif. KfeLfzkZ 
ZTTMG&XlfTy^-TtfXWi&te&ffli&L. Ga 
NA' 7 7 7-I5 0 20J&££4 0 nmfrofc. TMG 
<o£i&£fM:U 1 2 0 0*Cfc:?f±#$-£fc. 

CO 1 2 6] &V»T\ 7mT$i1RL*:i'7>rtXtTM 
Gn&teZMhL. giWnSGaNf503&4 
Atm^$-frfc. *<0tk* TMA£5IM£teU ni« 
HS^itl<7)Ga 0 . 85 A 1 0 . 15 N^5 0 4 5:0. 3,umj£ 

«j»OGaNm5 0 5£0. 1 /zm j£H <XlZ 
TMG. v^^^^^ihL. *&g£8 0 0 o C£T'T 
tf. 3c£LT7&>£TMG£{fcteU P$il/lGaN£:4 n 
mjfcgS 5l#«g#TM I SriUP^SClfcfclJioT- 
#FJII n UB Ga 0 . gs Ni&2nmjS^$«:. i<0Rt 
MM t #p Jf £ ft 0 £ U 2 0 * - £ T^lif 

#F ( MQW) fltit^Stt^g 5 0 6 £fft£L£:. TMIO 

^«:^jtL*c*»A>as* i 2 o onizmt, gfeLtz 

3f-CCp 2 MgfcSISnfSteU pMGaN507SrO. 

[0127] mzTMAZmmteLX'??'*^^ 
flntf>pSGa 0 . 8S A l 0 . I5 Njg5O8£O. 3/im^ 
St^T. TMA^^^iLLT*^*^ 
*i">A8*iJD<7>pMGaNJg5 0 9$: 1 ,umJfcg$-£ 

[0 1 28] Z<7)&. TMGtCPj Mge0££*£&^iL 



8 5 0tiWofci:;^tr^-rf0«f?ji; 

ioi29\mz)mnTmmmttz^xmui,tz 

&%Mfrh nlG aN!503t T'OSggt£3££ ttx 
-/f-^^fePteSfcgL*:. *LT. SiO z £S5 10£ 
7X^ICffli,^JE14'f^>X7f>'/t:J;-? , C, 1231 
3 lZ7r,-f& 3 tCl^X— ;^^££^$$[ic7) ng/G a N 
Jf 50 3£Tig-3fc. 

[01303 iV^, #!M 5 K 5 1 1 fcJHUTfiffirtC 

fc, ^xwv£fr£BiJ9p-GaN<^ffi£gSft$i*rt: 
(014 ) . ^tOJitCS i0 2 15 1 2 tClBV* 

g»OnlGaN1503^tiSo^ ([31 5) . 
[0131] Zcr>#mTT i S.t/A 1 n mw& 
Z&tfLL. SiO z l5 12$:]iX0^^KNiM 
Au^^<7)pM^52:^fi£t7t. #W^^3 

[0132] £J±<7>£ 3 tc LTffc£ L£ V-*f¥A 
Kte. Tflfc«0GaNJf5 0 3J±4//m<!0^* f fc>J, G 
ai-, Al, NJf 5 0 8li^*^A«&&nT\ xli 

o. 15. mmizo. 3/imtiiS. «r<i"C\ tocog 

aNJf5 0 3fcG ai _ x A 1 x 5 0 8 fcWKffiT 

*i"?J*&m<om£&Mkfrt>. N Bs <il. 2Xl0 19 c 
m-a^O, N bgl liK'^^^hWd. 0 
x 1 0 16 cm- 3 ) Xb^tz. 

[0133] Wot. ^mm^^mxK^ti^ 

U)^^^Wi. 4/(1600X0. 1 
5)=0. 0167£&9. d 2 (7>M0. 3^T@-pr 
V^S. *fc> N Hl >N b4l ' -CftiOT, Mil. 2X1 
0 19 -1. 0X10' 6 =^1. 2xlO 19 T'ft0, 

(4) ^^9-y^<0^^N43. 6xi0" 3 x[l 
og(l. 2X10 13 ) ]/(0. 15 + 0. 02) + 
0. 02 = 0. 42i^^ d 2 (7M0. 3{i^tiJ:0 

m^ktmmxztz. 

[0134] T^GaNJi5 0 3Ji4jum«0@ 

»* s *0, Ga,., Al, NJ15 0 4«i&S8ainT. x 
filtiO. 1 5, i^JiO. 3/zmT'^4», T«6 
<7)GaN/150 3^3,., Al t Nl504fc« 

N si {i3. 6xi0 18 cm- } t 
^0. N bs2 li/<v^^*»KU'<;K3. 0X10 
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[0135] l^'ot, ^mm^m^mrc^M 

( 5 ) ^(O^co^^mi. 4/(1600x0. 1 
5) =0. 01672:3:9. d 2 COMO . 3£T®oT 
1^6. N Bi >N b , a T*£>£tf>T\ Nte3. 6X1 

0 18 -3. 0X10 17 = 3. 3X1 0'ST-feO, (5) 
3X09*7"/ 9 <0%&3tft\Z3. 2Xl0- 3 x[log 

(3. 3X10' 8 ) ]/(0. 15 + 0. 02) +0. 
02 = 0. 3 7fc&»K d 2 cofgO. 3(i£*U: 

[0 13 6] ZcDXoltZLXfmLti^&U-^yj* 

if(i. 5. 0 VC7)m&TT7 5mAcOW.m^tL. ^ 

[0137]^. znw&x'&mx'&mztmL. % 
TO^mx'2 o oit*->fc*{ % i o o omsinmfit* 

mLtzm?te 1 3 2fl|-C*>ofc. 
[0138] -Jr. *»^O^^fflV^V^« 1 & 

f^7V. Wi9 0mAT*£ffi£T>Iiffi$gJgl/t 

v m^u i B#r^wr'S>-ofc. <r ioi; o iz*m& 

[0139]^^^ \z*f&n<7im&nBmz.i&h¥m 
im=?tz£tL&. ( 4 ) ( 5 > *z<7>jffitfm.frt 
zxotz&mtz&whmmmm. m&zasmmzim 

m±2-£ZZ\t&X%&. 

[0140] < m 3 nmmcDBm ) *mi&<wmx~\±. 

±.$?JiftZtvrz ( 4 ) 5£&.t/X<± ( 5 ) 
[0 14 1] Si 6. SI 7, 018&^EI19Ji. * 

is^m 2 wmmnmmv) u KraisBfis 

EST**. 

[0 14 2] mi 6fc*JWt s t7r^fr^l6 0 IJb 
T'«GaN^777-|60 2KplGaNl6 0 9 
^^T'OX^(im3^$fico^@.^IEl 2(C^^- 
fcPtTftS. piGaNf6 0 9£j&gL/£f£fc:C p 
2 Mgfc^7/;{f*£:£3J9#;u n!GaN6102r 
0. 2/xmj£^3-£fc. 

[0 14 3] TMGiy?m«S:<?i 

u ^Mi«ams!aga3 0 5^oaiK*ffihLj'i. a&p 

8 5 OXltX'TtfitibCZX'Ty^-TwmteZ&k 
[0 1 44] iI^3 0i^f,liS'5ffiU')x-;^ 



[0145] mzmmmf-mxmmmiz^^xmmuz 
mmmfrh p§^g a n ji 6 o 9 ^ x-cvmrnzmz ux 

*mmi}mpmGa.NM6 0 9$.xM'?fz mi 

7) . 

[01463 MWC . S£l£J&&«3 0 1 
x-;\£A:ft.. Ty^xr#A£g£L&#£>:&J££ 1 2 
OO'C^T'HJf*:. 1 2 0 0"CtC^L^i:^6T'TMG 
i:Cp 2 MgOgt&fcgjft&U p-GaN6 1 1 Sr 1 m 
mjftg$-£fc (HI 8) . TMGtx^V^ 

Lfc. ia®a*8 5 oriTT^Jtfci^-cr^— r 

[0 14 73 Si0 2 16 1 2£vX?icfflV^ 

»nlGaN|6 0 3^T'ig^^ (Hi 9 ) e 
[0 148] i(«-CnI(?)T i fcA 
fcJBlfcU Si0 2 6 1 iv^<opI«Ni 
i: A u (^^nSr^Jft Lfc. SKcJBtfBl* fir* ? - 

[01493 i-Xh<7)<J: 3 LTf^ricLfcV-if — ^>f * 
— Hti. TJft^GaN®6 0 3<i4jum<7>^3&<S>0. 
Ga,., Al, Um6 0 8lZ^7*isVJ>.mi}\\X\ xl 
{±0. 15. mmiZO. 3/imtftS, C1<IT\ TlftO 
GaNf6 03tG ai . s Al, Nf6 0 8 tCD^fcX' 

(4)^iSffl$*i&o 2&4* 

*$/^j*wim<7)M?&&mfrt>. ( 4 ) 5fr7>N ng & i . 2 

X 1 p"cm* 3 t*9, N bgl l^v^^^yKK 
;K1. 0 X 1 0 16 c m-3 ) .*C* -a fc. 
[01 503 lft*->T, ^SfB^^r^^ii* 
(4)^«M^fflt 4/(1600X0. 1 
5) =0. 0167i3r9. d 2 o®0. 3$rTtfiJoT 
V>S„ N Mg >N bs , T'^>SOT\ Niil. 2X1 

0 19 -1. Oxio^TfcO, ( 4 ) v -y ? erm 

£3km±3. 6xl0" 3 x[log (1.2X1 
0 19 )]/(0. 15 + 0. 02) +0. 02 = 0. 4 
2£&rK d 2 como. 3l*Ztl£ OfflcV^i ^^fST' 

[01513 TfifeOGaNii60 3ii4wm^i| 

frtfM. Ga lM Al, N^6 0 4tiSSaSSnf, x 
ffitiO. 1 5. ^/Pfi:0. 3jLimT'S)4»o Ht, Tflfi 
£OGaNf603i:Ga 1 - I Al, N^6 0 4 fccOKfS 
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( 5 ) ^<?)N ai {i:3 . 6X10 

(3. 0 X 1 0 17 c m" 3 ) X'foiti. 
[0 15 21 Lfc#oT* fc&mMTmffifrC&^tlZ 
(5)^^^W1 4/(1 600x0. 1 
5) =0. 0 16 7 £3-9. d 2 «I5rO. 3T0-?T 
v>&. N.i>N bf2 f$>SOT\ Nii3. 6X1 
0 18 -3. Oxio 17 T^D, (5) &0>?5v?0)9i 
&3km*3 ■ 2xi0- 3 x[log(3. 3X1 
Oi8)]/(0. 1 5 + 0. 02)+0. 0 2HS0. 

[0 15 3] Z<7)£dlzLTimLtzn&]/-*fy4* 

ISff^BEteS. OV^d 
iiT'feO. UfcAfcl&2<^||&<^/S<^-lFS^£>I 

[oi 54] z<7>£oiz*mi<omk<7)j&mz&&tm 

tm^lZZtHX. ( 4 ) 5$&tf ( 5 > 
[0 15 5] <354<OH*fetf>JBJB) ±iB®lrt>£3iS3tf) 

^fecom^-e^-emsi 9 . 012 0 1 6 -c*^ 

flfisC9f*k A' 7 7 7-S4 0 2/5 0 2/6 0 2i: nS 
GaNl40 3/50 3/6 0 3fc«i«aN 

[0 15 6] 3&»=S^ttt=«i:«5fc X. ^Ti^ 

[0157] :^J:o {Z*W i R<m&nT&miZ{&h¥m 

%mmz*m&nG a n zmsx 0 iz Lfc^-e, .LiBtfc 1 
[01 58] mmnGaNmz&tsztteim 

[0 15 9] £ftat^T£fcm*»&m3tf*fr||ffi 

<mnx'\i , n ii p gbr- A^m^ *m t ltv k 

[0 16 01 2*:, *l*^*3<0*Sltt<0^BfcfcV\ 
( 4 ) 5t&tfX<i ( 5 ) 3to^**M3£H;3S 



m^-t^x izmmx'% & t cox-b h . ->t,*s 
ty<vm^&mMLtc\^mxm«<7>m :: ? i izfcmx'Zz>. 

tit JEVvCy h'^ vrt-fOfflL^ 1 GH zJjLh 

[0161] (m50>$m<oMm) %$mcDj&m±* 

tt^tCfeWC, S i H— 7* A 1 GaN?77 KJ&Rtf 
M g H-7A 1 GaN^77 KJfiCDJ?£ . £ 

titcj: 0 , u-^cttmt&ft&jmzfsimz^zzzb 

[0162] ^flcWtCti. MgK-7'lA 1 GaNI^ 

mm* nmbz^aryF-y-mcoA i GaNwi 

w^mfrnzimtz & o izmttzzztox*;* 
-$-hi>cr>X'bh. 

[o 1 6 3 ] 02 oiz*%.Bmm5<7)mn?>&mi f zi%z 
wfe^f^i— ■?mm.<7)®B&mi£zm.W'f& mx-b h . 

[0164] ^MI^TMOCVD (3T«&E 

[0165] i<7)#fe^ftc^-^S^fcV^Tii. If 
77^f^I«l 0 1±(C X ffiagjfc^ ( 5 5 0°C) COGa 
NA77T-1102 (MO. 0 3^m)A^ft^ 
ft, *<7>jLic2£>fc:, iCT (110 O'C) -t'J&HLfcn 
-GaNnV*? Mil 0 3 (Si H-r, 5X10 18 
cm" 3 , 3>um) , N i/Au*»^n|IItgl 0 
4, n-Al 0 .i5Ga 0 . 85 N^77H1105 (SiK 
-7\ 5X 1 0 18 cm- 3 , 0. 2 5um) , ^g§f# 
FAtSt (MQW) RXffttfJ vm&'ktsmitM&lQ 6 

[0 166] i^tt^gsi 0 6i±, ^2HC=¥L<^ 
fcfcdtC, Jl^O. 1 jum<OGaN3&^=£r63fc^M Hii 
106a. 1 0.6bMrfS. ^7^, ^(7)#FM(i3 n 
rn^iOI n 0 , 18 Ga M! N 3/1*^^0, 
$5 nmW I n 0 .o4Ga 0 . 9S N#»^*i&£fi&. 

[0167] 1fSISCfcH>r Ji. 

351 06±£ P -A l 0 .i 5 Ga 0 . 85 N?77 HJg 1 0 7 

(MgH-r, 5xl0 ,9 cm- 3 , 0. 35jum)*PlS 
tt^ft, $f,Kp-GaNS^mt77 , il08 

(MgH-7*, 5X1 0 19 cm- 3 , 0. 3/*m) , p- 
GaNa>^^Ml09 (MgK-7. 8xl0 ,9 c 
m" 3 , 0. 8jum) , p ( -GaNI^y^; h/f 
110 (MgK-7. 2X102«cm-3. 0. 1 p. 
m) , n-In 0>2 Ga 0J N A» & ^Tig^ 1 1 
1 (S i K— r % 5X 1 O l8 cm-3, 0. 2 5jum) , 
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[0 168] %&V-7T4Tgm± (000 1 ) cIJ 
[0169] fe&mfiX'ftKJ: ^ (2, iff A 1 fflfi&O A l 

#fc£5*Lfc. ?^?£W$fl«fcWc#ttKA 1 G 

[0 170] ijaL^ldC ^^liMg^ 

H-7LfcA 1 GaNJl#7>-b*— Tft&VHiS i K- 
r^nlA 1 G a N«k 9 fcj?< 7 5*/ 7 

*ffiU£. ^ioCAlGa 
N^Sr 2 0%^£> 5 0%«J?£I5<-t& 1 k#T'£ £3 

fcb^^7'y^ J ^^^L'5:V^<i±fe ( 1 ) — 
(5) Httz^tzW)Xfoh . 

[0171102 OiZ^k-tU-^mmi. ZCDMglZX 

(4 > 3*Rtf '< 5 ) SC«*frt»fc=rtOTJ5*, 
[0172)02111 *mmc7>&B<7)l'— fCDn-A 
I GaN?77 h'/S. «ttiMl^P-A 1 GaN^7 

X'foh. 

[0 17 3] fyvrcOf&kL^T^S i-AlGaN 
Jil0 5te0. 25vmtm<L, pI^7 7KIX' 
$>&Mg-A 1 GaNll 0 7te0. 35^miJ|<L 
TV** # COffl^^-Ch-^^T-A 1 Sr^tf^ti^ 

£L3rV*. BCMg-AlGaNIl 0 7i>0. 25ju 
mfc|§<-r&kL£V«i5 0%i£*Lrt:. 
[0174] ^Hifi^ffitfeV^-Cfm^n^L'-— »f 
ti. Lll€8 5mAT'ljgI^il^. SSSSi^i 
4 1 5 nm. f^mEli6 Vt'^^, 02OC*JV>T 
€^^1 1 1 linage I nGaN£fflVvt*3 9, ^ 

T'^Os ^h5^7*i!ii±4^mtCi^LTV^ 0 InG 
a N/U±©&7 0 0-900 •C^SSHT'JjJfc^tf, p - 
G a N SfifcEffl* t7r«10 8 0_hlC S i 0 2 &k'c7) 

w^si. &%m®mi 1 1 fcifriu^iscasft 
itio9*>sio 2 n^-cjft 

?Wll 10teMg*>a^£#lc:^<Lfc. 



[oi75] ^^j; o iz*fffl<7>mikco&mz&z*m 
fau—rmmzxtitf „ zmizte & mnig 

SlfcOts * 5 .Ti:£K* r§jA 1 M 

mtmTizm^zzktfxz. mT&mt+Mz&K* 

0. mzttm&u-Wz&^xii. iKL£vMt<7>*&*> 

-r. mmfrh*Mi,zfa±Ltz 0 tfz, mmjfmi>^x 
h'o. zn^mmii&kx'bh. 
[oi76] (menmmni&B) *$m<oBmi* 

yrJ^b'comUilZffifS.Ztitzi-J hy-4 K^mi 
fam^lZtS V ^X . S i H-7A IGaN^77 FJg&tf 
M g H— 7°A 1 GaN?77 KJKOlSjiJc . £ 

tttcj: 0 „ U-if <7)%m t&frW^zmMtr-S-jL&Z t 
*< , Mg h'-r^t^'y 9im®ZtlZ%l%& 

[0177] i~3Nb*>, M g h'-T^A 1 G aN^iOA 
1 MS: ni*&^li7V H-rii^A lGaN» 

[ 0 1 7 8 ] ® 2 2 te*f£H^lfS 6 (Dmmn&mzffib 

h wr<owmm<7»< >k^wa £U4 w- s etc 

[0 179] l/-if^5t>LT{im2 0^-rfiit$rffl 

i -A 1 G a N<7)A l i 0%{C<K< LT^5. n 

mWvv VmXfoZ S i - A 1 GaNll 0 5c7)i¥$ 
li. piOMg-A 1 GaNifl 0 7C0JfE$klRlt0. 
3 5jumi:tfc. ^*5, ( 4 ) 5«2Sttf ( 5 ) ^<7)^Hi 

[0180] ^«^t?77^l»ltv^ 

^!^ML^ 0 ^^Ji4 1 5 nnu i^m£E{i5.. 

[0181] -5 C^^HS£^®fc«S^IS 

^^-if^Mtciixtf. #/gtcij^S?^->^Mg 

[0182] (S? ) ^H5fiO^®{i, V 
yrlttwrnfiLklztttfiZtitzi-J h5-f h'^^ 
^^(C^V^T> S i K-TA lGaN?77 H^l/ 
M g K-7"A 1 GaN?77 ^M^"T ■& . •! 
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(0 183] -ftch-h. Mg H-ril A 1 GaN/g<9/g 

ffltfcfttfj vmomz. m^^yy K®tcfctt&# 

[0 1 843 02 3ii^^^7<7)H^^M(C^ 
-5 gP^K^fflJ^NV H ^-f t^7A £tft 0J-f6 0T 

[0 1 85] ?7 7?0^4WUS i — A 1 G a N 
JH0 5U0. 25umtm<L. p MO? ? v V MX* 
<h£>M g~ A 1 Ga NJfl 1 0 7 ii 0 . 35^mi:|<L 

[0 1 8 63 Kcom&^-VlzttLXttftmtK&BW 

*>m2 3\/zmtJ: vSttM^l 0 6cOnffi!Ji3(iO. 
l^mc^tf^ KJI1 0 6a£I£{7T^£#. pfiSltig: 
gMg-Al GaN^'MQWCjfLTl^. nM7 7 v 
K/f 1 0 5 £H< Lfctobfc: n-GaN1103 T'O^ 
h*3a***IS£ LT ^- H*«p mtzW^btlZ 
CD&n Mif'i VM 10 6 alZ* O^I^M-f^ttt^oT 

[0 1 873 *H«£^«BtCi5V>Tf^§n^U— 9 s 

415nm. t&f£*g£B±5 Vt'J,-5^ 
[ 0 1 8 8 3 -<50«fc 3 tc*^BBOH*fi<?D^©(c^S^ 
ftsU-f^g^j:*!^ :g-/ftC&<7&v^;f>^AMg 

fin. ##4 Ymnw-zzmst-tzztx'. 3t&mtm& 

[0 189] ^IS^BTfi. MQWf-Mg — 

A 1 GaNf 1 0 7tIMtSMfc L^, d^ffi 

[01 903 (m8<7>mS^® ) ^Sfi^fBte* -9" 
M g K— 7*A I GaN?77 KJi^^^^S^S . -I 

mmthi><nx'hz>. 

[oi9i3 vrcoft^-r^mnmxh 

h nI^)A 1 G a NK#U n^^»!ftrJ3MC 1x10 
£X*? ! 7v9£ffite?hi><7)X'foh. *0M* 75 

miz&^x^wmftm s *kt&®i!!iz\z. %&mt 



ffi^&%Z<?>I&LXft*ffii&*mE'th i>V>X'$> 

[O1923024 \±^m^ 8 nmmwmmizffih 
z>iftL¥mtou~^mcoffl&to&*fflm~&mx'$> 

*• ■ . 

to 1 9 3 3 zmtfomttix mocvd ( ^m&m 

[0 1 94 3 ioWfe^fri^-irjIStctsv^Tii, 1f 
yr^^mm20 3±^ 4£&j££ (5 50*C) WGa 
NA'777-12 04 (0. 0 3jum) j&*Rtt&;h. % * 
C0±K££>tC, Ifidl 0 0*0 tMLfcn-Ga 
Nuy^^ bif 2 0 5 (Si K— 7\ 5 X 1 0 18 c 
in" 3 . 3jum)\ T i /A u^&S n{U^€s2 06. 
n-Al 0 , 15 Gao.85N^77b'1207 (Mg : 5x 
10 19 cm-*. Si : 5 x 1 0 18 cnr 3 [Sj8$ b'-TO . 
3 5 um) s ^M^Fflfct ( MQW) mffttH H 
Jg£-£tHgttJiS52 0 8#Ifcltfc*vtV*S. 

[0 1 9 53 Mi^208ll 02 5tCf¥L<ifrr<fc 
d^C. J?$0. 1 jum^GaNA^Sr&^tf-f h'JI2 0 
8a. 2 0 8b£WLT^.gu ttz. Z<n#WmiZ3 n 
mJ?C0I n 0 . 18 Ga 0 . a2 N3)I^^O, 'J ^/gtiJ? 
$5 nm<7) I n 0<04 Ga 0 . 96 N:^f8j£$;ft.6 o 

[0 1 96 3 9*^S«i, P-A 

lo.i5Ga 0 . 88 N^5 -y FJI2 0 9 (MgF-7, 5x 

1 0 19 cm-3, 0. 3 5jum) „ p-GaNMIffl^f 
-Y«;/TJ12 10 (Mgb'-7\ 5xl0 19 cm- 3 s 0. 
3//m) , p-GaN3y^;M (MgH-7, 8x 
10 19 cm-3, 0. 8;um) 21 1. p» -GaN^ig 
Jgny?;? bJi2 1 2 (Mgh'-7. 2xl0 2 °c 

0. Um) , Plli2 1 3. MmKA l 0 . s 

Ga 0 . 4 m^jhWft&frm 2 1 4 (r^H-r, 

0. 2 5,um) ^#i.TV^. 

[0197] if7r-fTS^ (0001) c® 
$rffiv^fc0. U— ^^-\i^mzi:*)m^i\X 

[0 1 98 3 ®24{ci3V^-r, Sa«i^Jg2 1 4lcfi© 
©SLA 1 GaNSffl^TfiO, SffiBiT'-Xyf-^^C. 

m#>&7*m. ^frv&BHtmx'&Vs ^hy-i-rmt 

3 umlZ$&feLX^& . T^H— /TtAI GaNtiA 

rLTt^V^. |:fcZnK-7GaNn^. 
[01 993 02 5tt*HSS<^®^i?&^(?5^ 

[02003 ■*m&<r>mmx'\±? ? ^<^^t■^-rv^ 

S i -A I GaN^2 0 7(CMg$rfR]^K-rLTV^ 
f$lipl^7 7 h'JIt'^SMg-A IGaNi 

2 0 9t(^t<0. 3 5jumi:L^. iOffl^^li-C 
^9-y^«^LTV^V\ dcOtiJtTMg^^^v^ 
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A 1 GaNif2 0 7^{i, M g#*5 X 1 0 15 cm' 3 , S 
i^5xiO ,8 cm-3K-r$iim. Mg« 

[02011 ^!i<7)^wfcv^Tfm$tij^i— -r 

4 1 5 n m, i&ft^J3E(i 5 . 5VT"&->*;. 
[0202]£tf)J:d tz*%tycr>miM(7)&mtZffiZ>!m 

[0203] (^90HJg^JS) ±ifiHl-m80# 
HSfeo^ffitii, ( 4 ) sS&tfXti ( 5 ) 5$fcr i 0#4> 

££l»jL-r*J:dfc:LTV%fc. intent. *mmcr>B 
JBfcL A 1 GaNJiOJi©<0i|^££Xl^df$^/WI 

GaNm<7)i><7)t / z%&£o( l Z'?Z>c\bX\ A ! ^At3# 
3 0 A 1 G a IM/ftC? 7 -y 9mm&&h 

cr>£ffi±th. 0. ±fc&Ji£A 1 GaNBCU 

[0205} £^Wfe^ttU--tfgfi£*Jf7£«-M: 

«ub«4* wmocvd (*r«ftaaiffij&«&) fci 

[0206] £i\ 02 6<C^7T-ft2fil 1-L 
fc, ( 5 5 0 e C) tGaNA' 7 7r-^l 2(0. 
0 3^m) £j&f|£-tl\ ^UT^iS ( 1 1 0 0°C) IZX 
GaNJiefiA'77T-113 (0. 3>um) Sr«^$ 

[0 2 0 7] ££>JC. *<O±£+*HcJ^n-Al 0 .i5 
Ga 0 . 8B N:7V*7 Mgl 4 (S i 1X10" 
cm -3 . 1. 5jum) fc, n — Al 0i3 Ga e , 3 N?:? 

(Si K-T, 5X 1 0 l7 cm-3, 0. 2 m 
m) fc. igttJgl 6t. p- A 1 0<3 Ga 0 . 3 N?yy 
HI17 (MgH-7, 5xl0>7cm-3, 0. 2m 
m) fc H GaNr7y^^hiil 8 (MgK-7, 1—3 
XlO l8 cm-3, 0. ljum) t£M<kf&£Z*th . 

[0208] *LX. GaN3^^M18±Cpi 
^S20. n-A 1 GaN3>^? bMl 4_BCn{Bl^ 

Sn*it«C55rft. YSI4J11 6te, 10 0^/ 
Xbn— n 0 . t Ga M Nj&*MKf A 1 0 , j Ga 

H2 6 tc^riw&^fru-^aw^fl*^^ 



fi. ±{CGaN*»4'5M»®i: LTtefRfSj&^GaNK./ 
7 7-11 2fc. ^SGaNW B A' 7 7 7-I13 
b. GaLN3y??bmi8ttf$>*), ^cr>^\MW- 
te. $*>0. 4 3vmX'$>& a — 7j\ ±{cA 1 GaNK 
Kc&Mb LTfin — A 1 GaNny^^MHt, n 
-A 1 GaN?77 KJBlSfc. SgttJBl 6fc..p-A 

iGaN;77Fii ittfhL *<7>&nmmi* m 

1. 9//mt'^, 

[0209] ,1 <7) J: ? K*£ifeJgJiEgtf)fl§3£-t*id\ G a N 
JltC^LT. A 1 GaNI*fJg< . Jlti!l§£fi|j£i-&£ 
MTOteT^iiA 1 GaN/f<7)k<7Dfc3r&. 

[0210] ^^m^5-S2 7<7>8f&ISHc:5jr$\ .km 

Sr-^T&O. ffi(S^#SA3*ut:fmfc&oTV*&fc<0 
[ 0 2 1 1 3 £nJq\ ^iOi; a ^m^^mz^t X 3 

tcA i Ga t N®tm&mn&mt}%mb*&m&bit 

-f , *>-P±ie ( 4 ) ( 5 ) 5&^frki?tfc$$rV> 

02 8^)S^0t3^-j:5tCA 1 GaN/ilZ 

h. 

[02.1.2] fci*T. ^T-ftifit^ffl^TAl.G 

tC. ^ta^^L<(iS^#ifi(CGaN<7)#*g^iB^ 
SA-rSifc* { ^T&S. ClfLii. A 1 2&#tf+-f b 
54 K^B H a iClfc^GaN^ H H H ^^V^^S:WLr^ 

^/i om&tfh -> x i <r cog a Njgo^qte i . 
Ltz&r>x,+}-yT4*rmRfrkGQ.Nmz±< 

[02 1 33 3 C^fiG a N#*gf*K 77r-l 

1 3ti. t77^-VISl ltL<lir^7^1T' 
S>SfiMlGaNA'.y7r-l 1 2 t O^&^^TIE^M 

fti-hizMzmxzii. frfr&mwfzmfct&tzMzm 

[02 143 Z<D£ o fc^z&G a N#^ H H ay * 77r-l 

LTV^S. -PiO. ^^ISGaN#IS H V^7 7 7-I 
1 3*ftfi:V>i:, ^^^m^A 1 GaNICjgi 

m^G a N^'.y 77-112 It&imtf^&Z b (C=S: 

a i GaNict^^ts^ *mmmx'&, 

SiSG a N#M^<-/ 77-I13CJ: Olsfi^ • ^ 
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[02 1 5] Srfc, »aNWA* 7 7y-|13 
[02 1 6) 2*:, ^yr^^mmi 1 tcDWE^ii:. 
JI l 2 kMSaSj&H LfcA 1N^ 7 7 7 -JI^OT^/l^ 

h-%mz®<fi*hX'h%>. Ltzifi-yx. zcoxd^mw, 
'<v7T-m(Q&&i l z£-)X-y-7T'< j rm®L£(?)fett 
m**mzim\zti. imcom^m^mzm-f^ti 
zzbtzzi. 

[02 17] Lfc*»o-C, COffiM^A.y7r-®c7) 
ft&lzX *)mMMt&<?)&^G a N^^^^-Tff^ 

[0 2 1 83 A 1 GaN^IPn^xe^^/l^g 
^SR*i:J¥V«0A 1 GaNifOtOii^rO. H$?$r*g 

m<x?zz<Dx\ ±tmm*mm'r&zbip*imx'#> 
[0 2 1 93 -zv*? bmbLxcom^wmzL 

V IW.vyt&ffi&SktfJL htitz o GaN WEMMt UA 

xitt7T4tt£<nm{tto&&iKv>m'&tfz<ox 5 
a i GaNmizxzfcFmmimzmLx^fz. 
[02203 ^xt^XDizm^titin^^m^u—r 

mm± . Lll^I105mA X'TsLiSiS WzMWi Ltz . 3! 
Wli4 15nm. i&f13gj±te 1 0 VC&ofc. 

[ o 2 2 1 3 -c7) i a fz*m\<7>n9<nm)fe<?>&mzgh 
zmmz&ttitiiwmftmTtzti^xiz. xe^^y 

-wWgK&ftSA 1 GaNJi^JfES^tfELLfcU JR 
ffl^Srfllfife-rSiBdW^IW^JrA 1 GaNScOt,^ 

b-?&&olzLtz<r>x\ ?7v?*¥&^hz\h<r>ti: 

i^AlGaNS^itm. iSAlfij£^ 
A lGaNf$:^77 F/f LT^-f h^-f K^^ffc 

m^zm^h^ttfx'^h* z<r>^mm±mcchh. 

[0 2 2 23 U^oT, a^flEfitfc+fl-fcflK"*-*;! 

if^V^TU. ffiL$VMS£ 
!5RT*&^*=Sr6-f, fiHttt7^it2f6]±$-ti--g> z. t 



[ 0 2 2 3 J #ISf6^^^lSI£#trtfc£«g¥ 
^ftifHHCiSVvtkt *9-7T-f^rlS«l 1 i: n-A 1 G 
a.Nz3y??bmi4t<T>mz. <Sm^GaNA*77 
r-112 2Stt^^©OT^^G a NjL&As * v 7 
r-Jf 1 3£t£tt. g£i 1 F^¥Sf« 

&te7$S&A ? A 1 GaNJf<akOT*fc££fcteJ:£t&^ 

Xoiz LKcr>x\ mttn®. 

f a GaNA' 7 7r-Jll3 tfgfclt £>ft-g> it"C, &Aa 
ffi<WiI{£-k&#£it. £#3:A 1 GaNJlco^Sr^T 
nKchLftX^Z. 
[0 2 2 4 3 =5ri5. A 1 GaN/I<7)JI£!£ft£:£|||}fec7) 
miO^hN^^L. ( 4 ) 5S&tXXfi ( 5 ) s£ 

n^izm&ztt^&t&to^tts&kisX i>*\<\ 

Zcr>£oi,Zi-til£. i: 9— JfSlliteA 1 GaNI^;5 

[02253 (3si ocoymtrmm.) ±ieasi— jbso 

#^M^>^®T-(±, ( 4 ) 5S&tfXii ( 5 ) sWcJ: 9f# 
£*l&^fMCj®-£-$-£ SittA 1 GaNJftf>?7»y:7 

&m\±. &9<7)mt&<DBmtmn. a i GaNicom 

aiO^BaW^t&iF^&^A 1 GaNmwi><mz-&&£o 
lZ-rZ>Z\tX\ A imAlZftofe?^miz£ OA l Ga 

fc*S£A 1 GaNf(.:LJ:^iOtm'J>l». 
[02263 02 9ii*^c7)m 1 O^dtOMU^ffi 

[0 2 273 C10Wfe-¥^«sU-if^gtCfc«t&#S^ 
Wfi:, t^TMOCVD (WfS^JS^ffi^^) KJ: 

[0 2 283 *-r;^2 9{C^-r-»?-7T'f-¥S^2 1± 
frC. ^-f, ®jS ( 5 5 O'O T'A 1 GaNA'777-l 
^22 (0. 0 3 um) Sr/S^$^. M^T^iS (110 
0t)CTGaN^A'77r-l4 0 (0. 3/* 
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